Abstract The Rotzo Formation is famous for its Lower Jurassic terrestrial flora and marine (invertebrate) and terrestrial (dinosaur footprint) fauna. However, lycophyte macrofossils were never described from this time period in Italy, although palynological analyses yielded abundant lycophyte spores. Dispersed megaspores, in association with charcoal and amber drops, were recently collected from several horizons and outcrops of the Monte Lessini area. Sedimentological and palaeontological data reconstruct the palaeoenvironment as a paralic swamp under a warm and humid (monsoonal) climate. This is the first record of Jurassic megaspores from Italy, increasing our understanding of Jurassic lycophyte diversity, since at least five microspore and five megaspore genera with selaginellalean botanical affinities can be distinguished. Moreover, this underlines how well these brackish environments were adapted for the preservation of fossil plant remains (including amber).
Uvaesporites) are well represented in the palynological record from the Rotzo Formation (van Erve 1977; Avanzini et al. 2006; Neri et al. 2016 ). This lack of lycophyte macrofossils could be related to the fragile nature of these plants inhibiting their preservation as fossils or it could be linked to unfavourable environmental conditions, meaning that these plants were rare elements of the flora (Batten 1974; Skog and Hill 1992; Kovach and Batten 1993; Wellman 2015, 2016) . A recently discovered outcrop near Bellori village (Verona Province) yielded not only amber, bivalves, foraminifers, solitary corals, ostracods and carbonised wood (Neri et al. 2016 ) but also several types of megaspores supporting the former theory.
Most Jurassic megaspores are attributed to the lycophyte orders Isoetales and Selaginellales, but are rarely studied in the palynological assemblages because of their low frequency (e.g. McLoughlin et al. 2014) . Despite this apparent dearth of material, they are abundant in many Mesozoic mesofossil assemblages from all over the world (e.g. Batten and Kovach 1990; Scott and Playford 1985; Wierer 1997 Wierer , 1999 McLoughlin et al. 2014) . Mesozoic megaspores from Europe have been studied also in correspondence with important stratigraphic successions such as the Upper Triassic St. Cassian Formation of the Dolomites (northern Italy; e.g. Wierer 1997 Wierer , 1999 or in situ in lycophyte strobili from the Triassic of Europe (e.g. Lundblad 1950; Zavialova et al. 2010; Van Konijnenburg-van Cittert et al. 2014 , among others. The aim of this paper is to describe for the first time megaspores from the Jurassic of Italy and to increase our understanding of the diversity of lycophytes during the Jurassic in Europe. Moreover, the presence of megaspores gives us important insights into the floral composition and the palaeoenvironments of the Jurassic of the Southern Alps.
Geological and palaeogeographic setting
During the Jurassic, northeastern Italy was characterised by the Trento Platform, a palaeo-high confined by the Belluno Basin to the east and Lombardy Basin to the west Winterer and Bosellini 1981; Masetti et al. 1998; Neri et al. 2016) . The Trento Platform corresponds today to an area that extends from Verona to the Dolomites (northsouth direction) and from Monte Grappa to Lake Garda (eastwest direction) . The Trento Platform represents one of the most important palaeogeographic units of the passive margin on the southern side of the northern Pangea Branch (Masetti et al. 1998 ). This area was characterised by horst and graben structures inherited from the Early Jurassic rifting phase associated with the opening of the central North Atlantic Ocean.
The Jurassic succession of the Trento Platform is divided into two main stratigraphic sequences, the shallow marine Calcari Grigi-Oolite di San Vigilio Groups (Hettangian-Pliensbachian) and the pelagic Rosso Ammonitico Veronese (upper Bajocian-Tithonian) (Barbieri and Grandesso 2007; Masetti et al. 2012) . The Calcari Grigi Group (former Calcari Grigi Formation; Bosellini and Broglio Loriga 1971) is divided into three units, the Monte Zugna Formation (HettangianSinemurian), the Loppio Oolitic Limestone (SinemurianPliensbachian) and the Rotzo Formation (Pliensbachian) (Castellarin et al. 2005; Masetti et al. 2012) . The various formations (> 200 m thick in total) have a good lateral continuity over the entire Trento Platform.
The Rotzo Formation is vertically and laterally characterised by a series of diverse and highly variable facies due to the influence of the palaeogeography and sea-level fluctuations. The westernmost sector (Monte Baldo and Adige River area) is mainly characterised by marginal oolitic shoals. The typical facies of the Rotzo Formation are ooidal, peloidal, bioclastic and intraclastic limestones with marly and clayey horizons rich in plant remains and thin coal levels (Broglio Loriga and Neri 1976; Boomer et al. 2001; Roghi and Romano 2008; Posenato and Masetti 2012) . Macrofossils are common and include molluscs (large and small bivalves such as Lithiotis s.l.), gastropods, brachiopods, corals, echinoderms and plant remains (De Zigno 1856 -1868 , 1873 -1885 Wesley 1956 Wesley , 1958 . Microfossils consist mainly of foraminifera (mostly benthic agglutinated, rare lamellar and porcelaneous-walled species), algae (e.g. Thaumatoporella parvovesiculifera) and ostracods (e.g. Phraterfabanella tridentinensis), although foraminifera are locally rare (Bosellini and Broglio Loriga 1971; Fugagnoli and Loriga Broglio 1998; Boomer et al. 2001) . The lower part of the Rotzo Formation yielded also a rich palynoflora including Ischyosporites variegatus (Couper) Schulz, 1967 , Leptolepidites major Couper, 1953 , Matonisporites crassiangulatus Levet-Carette, 1964 , and Trilites lygodioides Mai, 1967 , that was previously attributed to the Toarcian (Schulz 1967) , but is now known to extend to the Sinemurian-Pliensbachian (Avanzini et al. 2006) . Recently, Neri et al. (2016) described the first amber from this formation. The Rotzo Formation has been dated, based on foraminifera, ammonites, green algae and isotopic analyses ( 13 C and 87 Sr/ 86 Sr), to the Pliensbachian (Avanzini et al. 2006; Fugagnoli 2004; Posenato and Masetti 2012; Franceschi et al. 2014 ).
Material and methods
The megaspores were collected from three outcrops in the Lessini Mountains (Fig. 1) , the Bellori outcrop, Ponte Basaginocchi outcrop and Vajo dell'Anguilla outcrop. The first outcrop is in a quarry near Bellori village in the Grezzana municipality (Verona Province; N 45°35′ 48.6″, E 10°59′ 48.0″). The exposure, which is about 25 m thick, yielded the first Lower Jurassic amber of Italy (Neri et al. 2016) . The strata are composed of grey-bluish limestone (yellow when weathered; 0.1-1 m thick), well stratified, alternating with dark clayey/marly layers (3-4 cm thick) rich in organic matter including coal layers (Fig. 2) . Layer C1 is thicker (~40 cm) and contains a prominent coal level. The limestones yielded abundant bivalves, belonging to the characteristic gregarious bivalve genus Lithiotis, foraminifers, brachiopods, gastropods, ostracods, bryozoans, echinoids and green algae. Layer C3 is characterised by fossil roots, indicating an interval of emergence. The alternation of limestones and clayey/marly layers suggests cyclical variations in the relative sea level. Foraminifera assign the lower middle portion of the stratigraphic section to the lower Pliensbachian (Orbitopsella zone), whereas the upper part belongs to the upper Pliensbachian (Neri et al. 2016) . The megaspore-bearing layers can, thus, be dated confidently as early Pliensbachian. The megaspores of the Bellori outcrop come from two dark grey-black clayey-carbonaceous layers that are very rich in organic matter. About 2 kg of loose sediment was collected from the coal layer C1 and about 1 kg of loose sediment from the clayey-carbonaceous layer C4 (Fig. 2) .
The Ponte Basaginocchi outcrop is situated along the road between Bellori and Erbezzo in the Sant'Anna d'Alfaedo Municipality (Verona Province; N 45°36′ 34.09″, E 10°58′ 29.40″). The studied exposure of this outcrop (about 15.5 m) is composed mainly of well-stratified yellow to grey-bluish limestone (Clari 1975) . Both in the basal and in the upper part of the studied section, oolitic limestones are intercalated with bivalve limestones, and the latter alternate with some clayey (3-10 cm) and rare marly layers. The limestones of the central part of the section are rich in bivalves (Lithiotis), oncoids, foraminifers, brachiopods and gastropods. The layer PB5a is characterised by fossil roots, indicating an interval of emergence (Fig. 2) . The samples from the Ponte Basaginocchi outcrop come from a clayey layer called PB6 (about 1 kg of loose sediment). The layer PB6M probably is the same layer recognised by Clari (1975) at about 40 m in his section.
The Vajo dell'Anguilla outcrop is situated near the Ponte di Vajo along the road between Bosco Chiesanuova and Erbezzo in the Erbezzo Municipality (Verona Province; N 45°39′ 33.75″, E 11°00′ 56.05″). The section is about 3 m thick and predominantly composed of Lithiotis limestones alternated (every 10-15 cm) with more clayey horizons that are richer in organic matter. The studied clayey layer is 10-15 cm thick and sits on top of a 80-cm-thick Lithiotis bank (Fig. 2) , along the stream near the pathway to Vajo dell'Anguilla close to the section studied by Clari (1975) and Posenato and Masetti (2012) . The samples (about 2 kg of loose sediment) from the Vajo dell'Anguilla outcrop come from an organic-rich horizon called VA1 containing Lithiotis, solitary corals, ostracods, coal fragments and amber. The amber in the VA1 layer appears similar to that in Neri et al. (2016) , as it is constituted by thousands of thin filaments.
The collected sediment samples were washed and sieved in the laboratory of the University of Modena and Reggio Emilia, screened and analysed under a stereoscope Description: Megaspores are spherical, sometimes flattened through compaction, 320-840 μm, with the largest being about 1100 μm in diameter (~15 specimens). The amb is circular; the laesurae are straight or weakly sinuous at the pole, extending for at least one third of the radius. Each side of the trilete opening is slightly increased by a low ridge, which brings the tetrad scar out in relief. The contact areas are laevigate, flat and sometimes slightly sunken and delimited only in a few specimens by weakly defined arcuate ridges, although true ridges are not developed (Fig. 3b ). Distal and proximal surfaces of the exine are laevigate; the spore wall (exine) is about 40 μm thick with a finely porous to spongelike internal structure. Remarks: These megaspores fall within the lower part of the size range of this species (250-1400 μm, mean of 830 μm). Similar laevigate or delicately granulate megaspores have been assigned to a broad range of species of the genera Trileites Erdmann ex Potonié, 1956 and Banksisporites Dettmann, 1961 . Since a partially detached internal mesospore is not visible in our specimens, we assign them to Trileites rather than Banksisporites. The lack of distinctive morphological characters makes it difficult to assign the spores to any species with confidence. However, the trilete mark with a delicate rim and the generally smooth surface permits us to assign these specimens tentatively to the species Trileites murrayi (Harris) Marcinkiewicz, 1971 . Harris (1961 observed a wide size range of small-, normal-and large-sized spores in many Yorkshire localities which he included however within one single species because of the continuity between the various grain sizes. In smaller specimens, the trilete mark is nearly as long as in normal megaspores, occupying, thus, a larger fraction of the spore radius. Harris (1961) suggested that the small spores were rather starved and aborted at different stages of growth, whereas David Batten has suggested that they are likely to belong to a different species (pers. comm. July 2017). Due to the fact that a wide range of dimensions was observed also for in situ spores of Selaginellites hallei Lundblad, 1950 and Triletes pinguis (Harris) Potonié, 1956 (Lundblad 1950 and because the number of specimens collected from the Southern Alps is reduced (few specimens), we assign our specimens for the moment to this species. Distribution: Trileites murrayi is well known from the Jurassic of England, Denmark, Poland, Russia and China and Late Cretaceous of Sweden and the Netherlands (Gry 1969; Marcinkiewicz 1971 Marcinkiewicz , 1980 Yang 1982; Batten et al. 1985; Collinson et al. 1985; Koppelhus and Batten 1989; Kovach and Batten 1989; Batten and Kovach 1990) .
Verrutriletes van der Hammen, 1955 ex Potonié, 1956 emend. Binda et Srivastava, 1968 Verrutriletes sp. cf. Verrutriletes compostipunctatus (Dijkstra) Potonié, 1956 Fig. 3d-f; Fig. 5c-d Description: Megaspores are spherical, typically 350 μm in equatorial diameter (~30 specimens). The amb is circular to subtriangular; the laesurae are straight, extending for at least half of the radius up to the equator. Each side of the trilete opening is slightly elevated by a thickening, which brings the tetrad scar out in relief. The ornamentation is composed of semicircular to half-moon-shaped verrucae that are fused at their base giving rise to ridges. The contact areas are covered by smaller verrucae; curvaturae are not observed (Fig. 3f) . Remarks: The species is divided into two units with roundish slightly bigger ( Fig. 3d, f ; 12 specimens) and smaller subtriangular specimens ( Fig. 3e; 17 specimens) . The limited number of observed specimens does not permit us to distinguish whether they belong to two different species; thus, they are for the moment assigned to the same species. Perhaps further material will reveal if more than one species of Verrutriletes was present during the Early Jurassic in the Southern Alps. Distribution: This species is typical for the Cretaceous of Europe and Canada (Potonié 1956; Singh 1964; Batten 1988; Kovach and Batten 1989; Batten and Kovach 1990 ).
Cabochonicus Batten et Ferguson, 1987
Cabochonicus sp. cf. Cabochonicus carbunculus (Djikstra) Batten et Ferguson, 1987 Fig. 4a-b Description: One megaspore fragment of 455 × 350 μm size shows some very characteristic ornamental features. The exoexine is covered by numerous irregularly scattered, roundish and apparently hollow gemmae on the surface, which is 20 μm in diameter. The globose structures are dark orange to brownish in colour, verruca-sized and more or less densely packed without merging bases. These ornamentations appear to be concentrated in the equatorial and distal parts of the megaspore, whereas the proximal part is free of ornamentation (upper part in the picture). The 'unsculptured' surface of the megaspore is more or less smooth, sometimes also slightly punctate or roughened. Remarks: Similar spherical and hollow structures were described in literature as not being elements of the original structure but evidence of either bacterial or fungal infection. Marcinkiewicz (1978 Marcinkiewicz ( , 1980 described, based on their size, hollow structure and of the smooth surface of the exine, Reymanella globosa Marcinkiewicz, 1979 
attached to
Trileites murrayi from the Lower Jurassic of Poland. Since we cannot observe any undisputable attachment structures of fungal origin, we prefer to assign our specimen tentatively to the species Cabochonicus carbunculus. Batten and Ferguson (1987) excluded the possibility that the verrucate structure could be related to fungal attach due to their TEM analyses.
They concluded that the sculpture of their specimens consisted of exinal excrescences. Also similar are the megaspores described as Verrutriletes imitatus (Dijkstra) Waksmundzka, 1982 and Verrutriletes guttatus Waksmundzka, 1982 from the Lower Cretaceous of Poland which were attributed by Batten and Ferguson (1987) to the same genus. Verrutriletes sp. cf. Verrutriletes compostipunctatus (Dijkstra) Potonié, 1956 , from PB6M layer from Ponte Basaginocchi. Scale bars = 100 μm The ultrastructure analyses suggest for this species a selaginellalean affinity. Batten and Ferguson (1987) suggested that the tendency for the genus to occur only sporadically and in low numbers in the sediments could be related to the drier habitat colonised by the mother plants. Distribution: Cabochonicus carbunculus (Dijkstra) Batten et Ferguson, 1987 is well known from the Lower Jurassic of China and from the Cretaceous of Europe and the USA (Potonié 1956; Batten 1974; Antonescu 1978; Hueber 1982; Collison et al. 1985; Kovach and Batten 1989; Batten and Kovach 1990 ). Batten and Ferguson (1987) considered its range to be from the late Rhaetian to the Santonian.
Horstisporites Potonié, 1956
Horstisporites harrisii (Murray) Potonié, 1956 Hughesisporites sp. cf. Hughesisporites orlowskae Kozur, 19734; , f from PB6M layer from Ponte Basaginocchi; e from VA1 layer from Vajo dell'Anguilla. Scale bars = 100 μm Description: Megaspores are subspherical, 320-500 μm in equatorial diameter (~30 specimens). The amb is circular to subtriangular. The ridges of the trilete mark are straight to slightly sinuous, reaching almost two thirds of the spore radius; curvaturae are difficult to observe. The margins of the trilete mark are slightly thickened, which brings the tetrad scar out in relief. The ornamentation is composed of meandering, irregular to straight (rarer) ridges or tubercles with open ends. The ridges tend to form an irregular reticulum, with sometimes slightly thickened crossing points. The contact areas are covered by smaller tubercules with less tendency to form a reticulum, sometimes almost delicately verrucate (Fig. 5h) . Spore wall is always thick, up to 20 μm. When broken (Fig. 5f) , intexine is visible with a finely granular wall. Remarks: The specimens are slightly smaller than the mean diameter of 600 μm of the type material but stay within the range of 400-600 μm. The distinct imperfect reticulum and the fact that the reticulum tends to disappear, leading to a more tuberculate structure, permits to assign our specimens to Horstisporites harrisii. Distribution: This species is well known from the Jurassic Yorkshire sediments (Morris and Batten 2016) , where one of the most important Jurassic floras of Europe comes from (Harris 1961 (Harris , 1964 (Harris , 1969 (Harris , 1979 Harris et al. 1974 ). The species is also well distributed in the Triassic of France, Rhaetian to Jurassic of North America, Europe and Asia and in the Cretaceous of Germany and North America (Gry 1969; Bergad 1974; Arjang 1975; Marcinkiewicz 1980; Taugourdeau-Lantz 1983 , 1984 Yang 1986; Kovach and Batten 1989; Batten and Kovach 1990; Feist-Burkhardt et al. 2009 ).
Hughesisporites Potonié, 1956 Hughesisporites sp. cf. Hughesisporites orlowskae Kozur, 1973 Fig. 4c-f; Fig. 5m-n Description: Megaspores are spherical, with circular amb and 330-550 μm in equatorial diameter (~20 specimens). The laesurae are straight, two thirds to three fourths of the radius of the spore; curvaturae are almost invisible. The margins of the trilete mark are thickened and protrude from the surface. The distal and equatorial exoexine is smooth to slightly punctate. The proximal side is covered between the rays of the trilete mark with thick verrucae and spinae that are oriented radially in direction of the opening of the megaspore. The ornamentation elements are the highest and most prominent at the apex of the megaspore and decrease in size toward the equator. Remarks: The ornamental elements on the proximal side of the megaspores are not protruding very strongly from the surface of the spore; thus, we assign our specimens only tentatively to this species.
Distribution: Hughesisporites orlowskae Kozur, 1973 has been described only from the Triassic of Germany and Poland (Kozur 1973; Marcinkiewicz 1978; Batten and Kovach 1990 ).
Palaeoenvironmental considerations
Climatic conditions during Early Jurassic times are believed to have been generally hot and humid, favourable for extensive growth of delicate herbaceous lycophytes with prostrate shoots such as Selaginellites-type plants and strongly hygrophytic plants such as Isoetites. Palynological assemblages from the Bellori section (Neri et al. 2016 ) are dominated by the fern spore Deltoidospora sp. (> 50%) indicating a good availability of freshwater, since spores need wet climate and water for their transport (Pedersen and Lund 1980; Lund and Pedersen 1985) . Second in order of abundance is Classopollis sp. (> 40%), a cheirolepidiacean pollen with a wide environmental range, from dry to wet climate in coastal to upland areas (Kendall 1949; Chaloner 1962; Srivastava 1976) . Characteristics for this assemblage are also the freshwater algae Botryococcus Kützing, 1849 and Pseudoschizaea Christopher, 1976. The well-preserved cuticles and the large size of wood fragments containing amber indicate that the transport was short before deposition. All these characteristics, together with the presence of thin coal layers, would suggest deposition in a swampy to marshy environment.
This would suggest that the xeromorphic characters of many dispersed cuticles (thick with sunken stomata) could be related more to an adaptation to physiological drought or the presence of salt-laden wind from the nearby sea than to a generally arid climate. Similar xeromorphic characters have been observed in the plants of the swampy environment yielding the Late Triassic (Carnian) flora of Lunz (Pott et al. 2008) . The influence of the sea in the succession is also testified by the presence of coral fragments, bivalves, echinoids and foraminifera in the three studied outcrops. Also, the limestone bank with Lithiotis s.l. followed by layers of clay and coal (e.g. C4 in Fig. 2 ) could indicate the presence of stagnant water tables (Posenato and Masetti 2012) , whereas the in situ roots and lignite lenses support presence of an autochthonous vegetation. The low diversity of the ostracod fauna and local absence of foraminifera in the beds C1 and C4 of the Bellori section support at least locally a stressed environment. The palaeoenvironment of Bellori has, therefore, been interpreted as a paralic swamp under freshwater influence (Neri et al. 2016) .
Considering the close resemblance with the other two sections, a similar environment can be postulated also for Ponte Basaginocchi and Vajo dell'Anguilla. Lycophytes such as Selaginellales and Isoetales would be well adapted to live in such a swampy environment, since they require moisture for (Potonié 1956 ); e-l Horstisporites harrisii (Murray) Potonié, 1956;  m, n Hughesisporites sp. cf. Hughesisporites orlowskae Kozur, 19734 ; a, c-n from PB6M layer from Ponte Basaginocchi; b from C4 layer from Bellori. Scale bars = 100 μm except in g and l where they equal to 30 μm gamete exchange and tend to grow in consistently moist soils or even in semisubmerged to fully submerged conditions (Taylor et al. 2009 ). This is also evidenced by the abundance of megaspores. Small fragments of glossy black charcoal occurring in all studied samples indicate that fire was a consistent feature of the Early Jurassic landscape of the Southern Alps. The presence of some abraded and broken specimens among the charcoals and megaspores suggests reduced transport, but the majority of both megaspores and microspores have well-preserved ornamentation.
Concluding remarks
The Jurassic of Europe is greatly under-represented in terms of both number of recorded species and publications on Mesozoic megaspores compared to Triassic and Cretaceous sediments (e.g. Collinson et al. 1985; Kovach and Batten 1989) . Moreover, so far, no megaspores have been recorded from the Jurassic of Southern Europe. This could also be due to the fact that the megaspores are indeed not that frequently preserved in the sediments, i.e. several kilogrammes of sediment from our three sections were washed in order to produce fewer than a hundred megaspores. Among the dispersed megaspores from the Bellori section, Trileites and Horstisporites are considered to belong to the Isoetales or Selaginellales (Batten 2012; . Cabochonicus, Verrutriletes and Hughesisporites Potonié, 1956 are assigned to the Selaginellales (Batten and Ferguson 1987) , mostly based on ultrastructure analyses . Trileites-type megaspores were found also in situ in Selaginellites polaris Lundblad, 1948 from the Lower Triassic of Greenland and in Pleuromeia sternbergii (Münster) Corda, 1852 from the Lower Triassic of Germany (Lundblad 1948; GrauvogelStamm and Lugardon 2004 Kustatscher et al. 2015 , an isoetalean lycophyte from the Ladinian of France (Kustatscher et al. 2015) . Additional dispersed Mesozoic megaspore genera, which have not been reported in situ so far but are considered of selaginellalean origin because of their ultrastructure, are Thylakosporites Potonié, 1956 , Erlansonisporites Potonié, 1956 , Horstisporites Potonié, 1956 , Rugotriletes van der Hammer, 1955 ex Potonié, 1956 , Ricinospora Bergad, 1978 and Reticuspinosporites Slater et al., 2015 (Kovach 1994 . The number of dispersed megaspore genera showing presumably selaginellalean and isoetalean features is, thus, much higher than the number of megaspores so far found in situ, showing that the diversity is much higher than is suggested by the macrofossils alone.
Among the dispersed lycophyte microspores from the Jurassic of the Southern Alps, on the other hand, are five genera that are traditionally considered to belong to the Selaginellales (Densoisporites, Foveosporites, Uvaesporites), Lycopodiales (Lycopodiacidites) or just generally to the lycophytes (Retusotriletes), based on their morphological resemblance to modern spores or to congeneric fossil spores (Dettmann 1986; Balme 1995; Raine et al. 2011; McLoughlin et al. 2014 ), but no typical isoetalean microspore taxon (e.g. Aratrisporites) has been recovered. Moreover, Isoetales live in or close to water bodies but generally in sweet-water environments (e.g. Kustatscher et al. 2010 and references therein), whereas the sediments studied in this paper were deposited in paralic swamps with freshwater influence, which would probably not be a typical environment for the growth of isoetalean plants. This would suggest that the megaspores from the three investigated sections of the Rotzo Formation were probably all produced by Selaginellales.
In this context, it is interesting to note that many TriassicJurassic Selaginellales (e.g. Selaginellites leonardii Kustatscher et al. 2015 , Selaginellites coburgensis 2014) are reconstructed as small and fragile plants with few distinctive features and thus easily fragmented and destroyed by mechanical forces Van Konijnenburg-van Cittert et al. 2014 . Consequently, their identification is difficult when the macrofossils are not exceptionally preserved (Skog and Hill 1992; McLoughlin et al. 2014) . Moreover, the cuticles are, when preserved, extremely thin, similar to most extant forms , suggesting that the species grew in protected habitats with ample water supply, such as the understorey of a dense forest, or intermingled with other herbaceous plants between rocks and close to bodies of water (Van Konijnenburg-van Cittert et al. 2014 . This would suggest a higher preservation potential because of where they grew but the delicate structure of the plants themselves would make preservation more difficult. The delicate and easily detached and degraded leaves of lycophytes, together with the general similarity of leaf shapes belonging to various species within this plant group, could explain the lack or low diversity of lycophytes in the Jurassic macrofloras. However, local high abundance of lycophyte microspores in the Rotzo Formation suggests that the remains come from a confined source area, which would have been occupied by the lycophyte parent plants (cf. Slater and Wellman 2016) . The higher diversity of lycophytes in sporomorph assemblages could be related also to epiphytic communities, since the latter are generally poorly represented in the megafossil record, as the burial and subsequent fossilisation of such forms is more unlikely than for other plants, whereas spores do not experience the same taphonomic bias Wellman 2015, 2016 and references therein). The megaspore record reveals, thus, a greater diversity of plants than the macrofossils alone. A similar abundance and diversity in the megaspore but near lack in megafossil record in the same deposit have already been observed from the Middle Jurassic of Yorkshire (Harris 1961; Slater and Wellman 2015) .
The fact that megaspores are associated in lignite deposits with amber drops and plant fragments with well-preserved cuticles alternated with clay layers rich in marine animals is not new in the Mesozoic of Europe. The Late Cretaceous amber from Vendée (northwestern France) was deposited in a mangrove to coastal marsh environment under a warm and wet (tropical) climate together with arthropods, crustaceans, foraminifera, dinoflagellates and few ostracods and a sporedominated palynoflora (Néraudeau et al. 2016) . A similar fossiliferous composition has been observed also in some upper Turonian lignite deposits of Dordogne (SW France). The clays yielding several conifer and angiosperm remains, megaspores (Ariadnaesporites, Bacutriletes, Echitriletes, Erlansonisporites, Maexisporites, Minerisporites and Verrutriletes) and amber are overlain by lignitic sandstones with large fossil wood fragments, small solitary corals, bivalves, echinoids and marine fish remains. The megaspore-rich sediments have been attributed to a calm, estuarine to lagoonal environment (Néraudeau et al. 2016) . Mid Cretaceous deposits in western France yielding amber, lignites, megaspores (Minerisporites, Paxillitriletes, Ariadnaesporites, Dijkstraisporites, Tenellisporites), a sporedominated palyno-assemblage, oysters, echinoids and vertebrate remains were likewise deposited in a lacustrine to paralic environment (Batten et al. 2010) .
There are also sedimentary successions described from the Mesozoic of Europe that were deposited in similar environments but did not yet yield any megaspores. This includes the famous Late Triassic (Carnian) Lunz flora, deposited under conditions of a high groundwater table, reduced oxygen supply and low pH values, typical for swamps or peat bogs (Pott et al. 2008) . The rich and diverse flora was found associated with amber drops and several coal horizons. The fact that no megaspores have been described so far may be related rather to a lack in targeted collecting effort than in the lack of preservation. Future collecting in these types of environments may increase our understanding of the diversity in megaspores notably.
